Sensitivity (proportionality) of willingness to pay to (small) risk changes is often used as a criterion to test for valid measures of economic preferences. In a contingent valuation (CV) study conducted in Austria in February 2005 1,005 respondents were asked their willingness to pay (WTP) for preventing an increase in risk by 1/42,500 and 3/42,500, respectively. WTP for the higher risk variation is significantly higher than WTP for the lower risk change. We find evidence that those respondents who have personal experience with avalanches combine the information about future risk increase, provided in the survey, with the observed number of mortal avalanche accidents in the past. The proportionality of WTP holds if such prior experiences are taken into account and the influence of attitudinal factors in scope tests are controlled for.
Introduction
CV estimates are based on individual valuations of hypothetically provided goods. One possible instrument to collect information about individual preferences is the maximum amount of money a consumer is willing to give up in favor of obtaining the good in question. As the real choice and behavior cannot be observed, the validity of CV estimates is often challenged. There are two main interpretations of CV values. According to the psychological point of view, WTP and the corresponding monetary values represent another scale to articulate one's attitude toward a specific good. (Kahneman, Ritov, Jacowitz & Grant 1993) allude to a "contribution" model with individual responses to CV questions to be interpreted as willingness to support goods which are seen as eligible. In contrast economists act on the assumption of a "purchase" model with WTP as an expression of how much a good or service is worth to the individual. It is hypothesized that respondents report a money value such that they are indifferent between two situations: either they pay a certain amount and obtain the good or they forgo consumption in the absence of any financial contribution.
Within the economic framework an important criterion of (economic) preferences necessitates the sensitivity of WTP to important factors (e. g.
the quantity or quality of the good in question). For the valuation of mortality risks it therefore follows that WTP has to be larger for larger risk reductions. The crucial question is: how much should WTP increase when mortality risks decrease? The standard model of WTP assumes that individuals substitute income y for risk reduction ∆p such that they maximize their expected state dependent utility
where p is the probability of dying during a given period, and u a (u d )
represents the utility conditional on surviving (dying) in that period. The value of statistical life (VSL) is derived by taking the total differential of (1)
V SL = dy dp = u a (y) − u d (y) (1 − p)u a (y) + pu d (y)
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The VSL describes the rate at which individuals are willing to forgo money for an infinitesimal reduction in risk. Two factors influence the VSL: The effect of risk (p) and the income (y) effect. The former is reflected by the difference in the marginal utilities of income in the two states (life and death). Information about the effect of income on VSL is provided by income elasticities (see (Hammitt 2000) for a detailed discussion).
(Jones- Lee 1974) show that the marginal value of a decrease in risk increases with initial risk and initial wealth/income. (Hammitt 2000) conclude that although the VSL is not constant but depends on income and baseline risk -i. e. when individuals buy a large amount of reduction income as well as risk decline and their VSL will fall -under the standard models of decision making described in (1) and (2) both effects should be small. This is the case, if the money spend on buying an infinitesimal risk reduction represents a small fraction of income (or if the income elasticity is low) and if the corresponding risk change is only modest in comparison to the individual's total survival probability.
Nearly constant VSL figures are associated with near proportionality of WTP to (marginal) variations of mortality risks. However, (Hammitt & Graham 1999) provide some reasons for the insensitivity of WTP to scope: (1) the expected utility theory may not represent the proper model for the individual valuation process, (2) respondents do not understand (small) probabilities of hazardous events, (3) individual estimates are not only based on the information provided in the survey but also on prior experiences/beliefs. The latter argument refers to situations where respondents act as Bayesian decision makers and update their prior beliefs by additionally available sources of information. Also (Hammar & Johansson-Stenman 2004) , (Hammitt & Graham 1999) , (Kahneman et al. 1993) , (Kahneman & Knetsch 1992) , (Olsen, Donaldson & Pereira 2004) doubt that WTP represents an appropriate measure to value economic preferences as they find that WTP is insignificant to the dimension of proposed risk reductions. (Carson & Mitchel 1993) and (Carson & Mitchel 1995) Our research questions refer to (Kahneman et al. 1993) 
Payment question
The survey respondents were presented the following information (divergence in wording for the larger risk variation in brackets):
Protective measures against avalanches on roads and in residential areas have been implemented in Tyrol. At present, 2.35 people out of 100,000 inhabitants are killed by avalanches on average. Assume that all public funds to maintain protective measures will be cut and henceforth servicing costs have to be paid exclusively by private funds. If aggregate private contributions are too small, maintenance remains undone, and the probability of a fatal avalanche doubles [quadruples] . Then on average 4.7 [9.4] people out of 100,000 inhabitants die in the snow bulk (see Figure 1 ). Would you be willing to pay -given your income constrainta monthly insurance premium of 2.5/5/10 Euro to maintain the effect of previous protective measures to save human lives?
Depending on their answers to the first question the respondents were asked whether they would also pay 5/10/20 Euro if they accepted the ini- 3 If the interviewees' answers were "no -no" or "do not know -no" respondents were asked whether they would be prepared to pay any positive amount or why they refused a payment. Individual responses were classified as protest answers if the interviewees stated that they generally refused payments for protection against natural hazards or if it was argued that the protection of citizens was the responsibility of the government.
Based on (Corso et al. 2001) we visualized the risk variation using a logarithmic scale for a better understanding of the relevant risk change.
The graph sows the baseline risk, the new risk level, and other mortality risks (e. g. cancer, car accidents, AIDS) for the Tyrolean population on the right hand as well as the dimension of probably involved persons on the left (see Figure 1 ).
Explanatory variables
Information about socio-economic characteristics and risk specific attributes was collected to test for internal validity of WTP. Findings in psychological studies (e. g. (Kahneman et al. 1993) , (Slovic 1987) , (Slovic, Fischhoff & Lichtenstein 2000) , (Sunstein 1997) ) show how important risk characteristics, such as voluntariness, controllability and origin of risks are in individual risk valuation. As (Heberlein et al. 2005) argue, attitudinal factors also play a major role for the sensitivity of WTP to the dimension of risk change and therefore have to be considered in scope tests. Running two separate regressions for each sub sample we find that the influence of some factors referring to avalanche risks differ between the groups. Accordingly, we use the following risk related attributes and their interactions with the scope dummy as inputs for the sensitivity analyses 4 :
• Risk perception (riskpercept): We measure individual risk perception by presenting the participants the same graph as shown in Figure 1 . However, the respondents were not given information about the baseline and the new risk level. They were rather asked to draw in a line where they thought the average risk of dying in an avalanche was located. The distance in millimeters from the bottom of the graph (= small risk) to the self-plotted line has been taken as indication for risk perception. This data was gathered before we collect information about the individual WTP.
• Subjective avalanche risk (lowrisk): Respondents were asked whether they thought that their subjective risk of dying in an avalanche was above/equal/below the average risk. The variable is equal to one for a risk below average and zero otherwise.
• Preferences for alternative protective measures (impalter): Participants were confronted with six alternative protective measures which prevent deaths due to (1) car accidents, (2) food poisoning, (3) floods, (4) rockfalls/landslides, (5) air pollution, and (6) radiation. Subsequently the respondents were asked to rate the importance of these alternatives in comparison with a prevention of avalanche accidents keeping in mind that each measure would safe the same number of lives.
• Personal experience with avalanches (famexp): The fact that respondents or their family members/friends were struck by an avalanche in the past, may influence risk valuation.
• Origin of deathly avalanches (anthropogen): Individuals responded to a question about the origin of avalanche risks. They stated whether they thought that avalanches were always/mostly/seldom/ never caused by humans/nature/fate. We include a dummy variable in the regressions, indicating whether avalanches are always seen as an anthropogenic event.
Additionally, we include an indicator variable for the higher risk variation largereduct. This dummy variable is the main regressor in the analysis of scope effects. It controls for the larger risk variation (3/42,500). Its coefficient is expected to show a significantly positive sign indicating a higher WTP for the larger change as compared to the smaller risk variation (1/42,500). Moreover, the estimated coefficient of this variable shows whether the proportionality of WTP holds.
WTP for risk prevention
The payment question is designed as a double-bounded dichotomous choice format (DBDC) under which the "true" WTP cannot be directly observed. Depending on whether individual WTP is above (below) a predetermined amount the respondent answers yes (no) to the payment question. Formally, the specification of WTP (dependent variable) is:
where W T P * i represents the latent individual WTP for the prevention of an increase in risk, X i is a vector including individual socio-economic and risk related attributes, β is a vector of coefficients to be estimated, and i denotes the error term. The following dummy variables are used to infer the sequence of "yes(y)" and "no(n)" responses for individual i to the payment questions (see 2.1): (4) with the first (second) letter in the superscript representing the answer to the initial (following) payment question (y = yes; n = no).
are the higher, initial, and lower bid, respectively. Assuming a Weibull and log-normal distribution of the error term, mean and median WTP are estimated by a maximum likelihood procedure. Each response is included with its probability in the likelihood function. Formally, this probability can be written as
where F (•) represents the cumulative distribution function (cdf), and τ denotes the parameter vector which indexes the distribution and has to be estimated.
both an indicator variable for the higher risk variation and interaction terms with this scope dummy and particular risk related factors (for a discussion see 2.2). As mentioned, we use naturally non-negative distribution assumptions to estimate WTP, namely the Weibull and log-normal distribution. For the Weibull, mean and median WTP are estimated by
with the scale parameter λ i = exp(X i β), shape parameter ρ, and Γ(•) representing the Gamma function. Assuming a log-normal distribution of the error term mean and median are calculated by
with σ representing the scale parameter of the log-normal.
The core factor is the coefficient of the indicator variable for the larger risk prevention largereduct. In case of a Weibull or log-normal distribution this term represents the logarithm of the ratio of WTP for the large risk change (3/42,500) to the WTP for the smaller one (1/42,500).
5 Thus, as the ratio of the larger to the smaller variation is 3 and provided that the proportionality assumption holds, WTP for the former should also be thrice as large as for the latter.
To give a first impression about the dimension of WTP in the two samples we run two separate simple regressions including the bid interval and a constant. WTP figures are calculated with a Weibull and log-normal distribution, respectively. As can be seen, the welfare measures for Group 1 are explicitly higher as compared to Group 2. However, WTP for the latter is definitely not the triple from the estimates in sub sample 1. What are the implications of this observation?
5 Formally displayed (exemplified for a Weibull): Based on the expected utility theory we focus on the arguments referring to insensitivity of WTP mentioned in (Hammitt & Graham 1999) and (Heberlein et al. 2005 ) and discuss their appropriateness for our data set. According to (Hammitt & Graham 1999) were struck by an avalanche in the past are expected to take into account these experiences. Furthermore, it is reasonable that they show higher concern to reports and statements referring to avalanche risks and accidents. Therefore, we assume that the respondents who valuated the higher risk variation and had personal experience with avalanches have a risk change in mind which is below the proposed quadruplication and will state a lower WTP for risk prevention. This hypothesis is tested by including an interaction term with largereduct and famexp. (Heberlein et al. 2005) argue that controlling for attitudinal characteristics may strengthen the arguments of proportionality. We test the importance of cognitive and affective factors for scope effects by using variables representing individual risk perception riskpercept, selfassessment of subjective avalanche risk below average lowrisk, preferences for alternative protective measures impalter, avalanches assessed as anthropogenic events anthropogen, and their interactions with the scope dummy largereduct. 6 Transferred to the Tyrolean population 16 people killed is equivalent to our baseline risk of 1/42,500.
7 See 2.2 for an explanation of these variables.
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4 The data Before we start discussing the results on the sensitivity of WTP to the dimension of risk variation we shortly present descriptive statistics of our data. This description provides information whether the two samples (Group 1 and Group 2) differ in their characteristics and answers to the payment questions. Euro. Less than 50 % of the respondents are non-smokers, more than half are skiers, 66 % and 65 %, respectively, are of normal weight (measured by the BMI), and 56 % and 50 %, respectively, go in for sports at least once a week. of protest answers we do not find any significant difference between the sub samples. 
Socio-demographic attributes

WTP -Response structure
Results
Regression analysis
Whereas the predetermined risk variation for Group 1 is 1/42,500 (prevention of a risk increase from 1/42,500 to 2/42,500) the presented risk change to be evaluated by group 2 goes up to 3/42,500 (prevention of an increase from 1/42,500 to 4/42,500). The plausibility of the proposed risk variation to be evaluated is based on the assumption that respondents exclusively use direct information provided in the questionnaire. This means, that other sources of information would not have an influence on the credibility of the dimension of risk changes. However, if participants combine current and prior (personal) experience they may be assumed to base their assessment on a differing risk variation. While the coefficient of the dummy variable for the larger risk prevention allows testing whether proportionality of WTP holds interaction terms enable to examine the importance of prior experiences and beliefs in the individual valuation process.
As was mentioned above, the scope coefficient largereduct represents the logarithm of the ratio of WTP for the larger to WTP for the smaller risk change. If respondents take the described risk variation in the survey at face value individuals in Group 2 value a threefold risk reduction as compared to Group 1. If proportionality holds, the expected value of the dummy coefficient is ln(3) = 1.099. However, apart from standard economic and for psychological reasons for non-proportionality (for a discussion see Section 1) the provided information in the questionnaire may not correspond with prior experience/knowledge about avalanche risks, and individuals may attach higher importance on other sources of information. This argument may be the case particularly for Group 2 members who had personal experience with avalanches in the past. As discussed in Section 3.1 there is good reason to assume that the valuation of these respondents is biased by prior knowledge. Therefore, these interviewees can be expected to state a WTP for a smaller -and to their understanding a more realistic -risk change. Hence, respondents in Group 2 who have personal prior experience with avalanche accidents may express a lower WTP than expected, represented by a coefficient of the scope variable below 1.099.
In order to test proportionality of WTP we follow the approach by (Hammitt & Graham 1999) Table 4 depicts closed-ended double-bounded maximum likelihood estimates for each model assuming a Weibull distribution of the error term.
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A brief description of the included regressors can be found in Table 5 .
Model A and B in Table 4 show regression results, once including all observations (Model A) and once excluding those who seem to have problems in probability comprehension (Model B). The effect of included regressors is quite similar in both models. Risk perception (riskpercept)
is highly significant and positively influences WTP in Model A and B,
i. e. the higher individual risk perception the higher the contributions.
The assessment of avalanches as an always anthropogenic event anthropogen and preferences for alternative protective measures impalter induce a lower WTP in both models. "Background risks" (Eeckhoudt & 10 Our questionnaire starts with issues concerning probability comprehension. Respondents were confronted with two questions: First, they were asked to choose the higher chance of winning (15:10,000 vs. 20:100,000). Secondly, they were shown the annual mortality risk of two persons (5:10,000 vs. 10:10,000) and were asked to state who face the higher risk to die. Each question was followed by an explanation of the right solution. Participants who gave the wrong answer to the second matter although the right solution was argued before ("non-learners") may have problems in understanding probabilities. Excluding the statements of such respondents is analogous to procedures in other studies (e. g. (Alberini, Cropper, Krupnick & Simon 2004) ) which distinguish individuals by the degree of confidence they have in their answers.
11 For an explanation of these factors see Section 2.2. 12 Log-normal regressions provided similar results for both the coefficient of the scope dummy and the significance of the other right hand side variables. However, the likelihood values of the Weibull distribution were superior to the log-normal estimates. This term is included to control for the significant difference in proportion of women between the two samples.
Concerning scope effects a glance at Models A and B shows that the coefficient of the scope variable is considerably lower than 1.099.
Although it is higher when we just use the answers from individuals who show some confidence in dealing with probabilities, WTP for Group 2 is definitely not three times as high as for Group 1. We take this as evidence that participants in Group 2 seem to attach higher importance on prior experience about the risk of fatal avalanche accidents. Another explanation can be inferred from psychological findings as, for example, (Heberlein et al. 2005 ) discuss. For example, respondents may consider the larger spread as too excessive or its prevention as less urgent or even lavish.
To examine such influences we additionally include interaction terms 
Value of statistical life (VSL)
WTP figures for reduced mortality risk are often used for the calculation of VSL. As was painted out in the introduction the VSL is a monetary measure for the utility of fatality prevention. It is defined as the ratio at which individuals are willing to exchange income for risk changes and it is calculated by dividing the annual WTP by the corresponding risk variation (see Section 1).
If WTP increases less (more) than proportional, VSL based on the larger risk variation will be lower (higher) than for the smaller risk reduction. In order to examine the range of VSL depending on the risk change we use the coefficients of Model C and D (see Table 4 ) and multiply them by the characteristics of an average respondent in the full sample and of an average individual when "non-learners" are excluded, respectively. To show the scope effect on WTP and VSL figures we vary these calculations by just one variable: while the scope dummy for Group 1 is zero, it equals one for Group 2. Table 6 summarizes the results. 
Conclusions
Scope analysis is a common instrument to test the validity of CV estimates. WTP is hypothesized to be sensitive to major characteristics, such as the quantity of the provided good. In this study WTP is expected to increase with the magnitude of risk prevention. For the purpose of testing sensitivity of WTP to the dimension of risk change 1,005 Tyroleans were organized into two groups and asked about their WTP for a preven- tion of a risk increase of 1/42,500 (from 1/42,500 to 2/42,500) for Group 1 and 3/42,500 (from 1/42,500 to 4/42,500) for Group 2, respectively.
Provided that buying an infinitesimal risk reduction only requires a small fraction of income and that the bought risk change is modest in comparison to the individual's total survival probability, WTP for small reductions should vary proportional to the underlying risk variation. Thus, as the provided risk change for Group 2 is a triple of the variation for Group 1, we expect a threefold WTP for Group 2 as compared to Group 1 -provided that respondents take the given information in the questionnaire at face value. However, this assumption must not necessarily be true and the information content of external sources (e. g.
prior risk beliefs or experiences, media coverage) may influence individual risk valuation.
A maximum likelihood estimation including a constant, a scope dummy for the larger risk change and socio economic and risk related attributes reveals that WTP is significantly higher in Group 2. However, the proportionality hypothesis of welfare measures with respect to risk variation cannot be supported since the WTP for a triplication of risk prevention increases considerably less than threefold. This result indicates that
Group 2 participants combine current information and prior experiences.
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Moreover, the scope sensitivity of WTP may also depend on attitudinal factors such as preferences for alternative protective measures or the perceived subjective risk exposure. Whether these assumptions actually influence scope tests is tested by including interaction terms with the scope variable and particular risk related variables.
We find strong evidence that prior experience as well as attitudinal characteristics matter. Controlling for such impacts leads to the final conclusion that WTP for preventing fatal avalanche accidents is proportional to the risk variation. These results are also mirrored in the narrow range of VSL figures across different variations in risk. Thus, our results support that WTP serves as an appropriate measure for individual economic preferences which can be further improved by taking into account the relevance of attitudinal factors.
